The escape rate of nitrogen from Mars is calculated to be 2.3 x 105 s-• for low solar flux conditions and 8.9 x 105 s-• for high solar flux conditions. The major source of energetic atoms is dissociative recombination of ground state and vibrationally excited N2 + ions. The measured XSN/X4N isotope ratio can be reproduced by postulating an early dense atmosphere during which little differentiation occurred.
were derived from the measured O2+/CO2 + ratio [Fox and Dalgarno, 1979] . Altitude profiles of the neutral densities are presented in Figure 1 . The O/CO2 ratio is 2% at the ion peak. The neutral, ion, and electron temperatures are those adopted by Fox and Dalgarno [1979] . The electron temperatures, which were derived from the measured 02 + profile, are lower than the ion temperatures. We will discuss the effect of higher electron temperatures on the escape flux. Fox [1982] . The coupled continuity and momentum equations were solved for 12 ions and 5 neutral species [Fox, 1982] . Altitude profiles of several ions are shown in Table 3 
Escape Fluxes

VARIATION OF THE ESCAPE FLUXES WITH TIME
The escape fluxes varied in different ways as the atmosphere evolved. Leovy [1982] has concluded that the assumption of a constant homopause density level on Mars is probably valid. If so, both the turbopause and exobase were higher at earlier times when the atmosphere contained more nitrogen. Figure 3 shows the escape fluxes as a function of the total mixing ratio of N 2 relative to CO 2 for an arbitrary escape flux at the current N 2 number density. The escape fluxes due to photodissociation, to dissociative ionization of N2, and to dissociative recombination of N2 + are proportional to the concentration of N 2 at the exobase and for small mixing ratios of N 2 relative to CO 2 to the total column density of N 2. In the limiting case when the fraction of nitrogen in the atmosphere approaches unity, the column density of N2 will determine the altitude of the exobase and the escape flux will become constant. The escape fluxes due to chemical sources are pro- [Sekiya et al., 1980] . Isotopic differentiation would be reduced by the alternative hypothesis of an increase in the partial pressure of CO2, which would also reduce the escape rate. The CO2 pressure affects the escape rate of nitrogen because the concentration of N 2 at the exobase is diminished at higher pressures. In the previous calculations we have assumed that the partial pressure of CO2 on Mars has remained constant throughout the evolution of the planet. Models indicate that Mars has undergone periodic pressure variations [Ward, 1974 [Ward, , 1979 in response to changes in its obliquity and eccentricity. Fanale et al. [1982] have discussed the behavior of the atmosphere, the polar caps, and the regolith resulting from the changes in insolation. We have incorporated these effects into our model by representing the obliquity variations as the product of two sine waves and using the model of Fanale et al. to derive the pressure from the obliquity.
The initial column densities and predicted isotope enhancement ratios for no regolith, basalt regolith, and nontronite regolith models are shown in Table 4 . The differences among the models are small because N 2 was a major constituent of the atmosphere throughout most of the lifetime of the planet, when its escape rate was insensitive to the CO2 pressure. The net escape rate and the isotope ratio in these models are increased. To diminish the isotope ratio, it appears necessary to invoke an early dense atmosphere surviving over a period exceeding 2 x 109 years. If we assume arbitrarily an initial CO2 pressure of 1 atmosphere diminishing exponentially with a time constant in the range between 7 x 108 and 1 x 109 years to the value today, our calculations do reproduce the measured isotope ratio.
